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BENTONITE T O  REDUCE SEEPAGE 

INTRODUCTION 

The investigations described in this  r epor t  were  performed a s  a 
par t  of the Bureau of Reclamation Lowet.-cost Canal Lining P rogram.  
The testing w2s done by T. J .  Rhone and 1%. A. Dodge under the direct ion 
of E. J .  Carlson. The test  facil i t ies were  located in the Hydraulic Labo- 
ra tory at  the Denver  Fet leral  Center  nea r  Denver,  Colorado. 

The phase of the program descr ibed in this  r e p o r t  w a s  mainly 
concerned with determining the effectiveness of using dispersed bentonite 
in flowing water  a s  a means  of seducing seepage in two sandy type ea r th  
mater ia l s .  

TEST EQUIPMENT AND PROCEDURE 

The t e s t s  were  performed in a 1-foot-wide, 2-foot-deep, 30-foot- 
long recirculat ing flume, F igure  !.. Located n e a r  the downstream end of 
tile flume was a 6-foot-long section 1-112 feet deeper  than the remainder  
of the flume in which the t e s t  soi l  was  placed. The seepage outlet was  lo- 
cated on the floor of this  section and connected to a 1-inch pipe, the outlet 
of which w a s  a t  the same elevation as the top of the sand bed. A 15-inch- 
thick layer  of the so i l  was placed in  $he t e s t  section on top of a gravel-sand 
r eve r se  f i l ter .  

Water was placed in the flume by backfilling through the seepage 
pipe. T h i s  served to remove most  of the a i r  f rom the soi l  in  the t e s t  
section. Most of the tes t s  w e r e  made with the water  1 foot deep over  the 
t e s t  section. I-Iblvever, some runs  were  made in which tile depth was 
ei ther  31-1 of a foot qr 1-1 14 feet; the depth being adjusted by a tailgate a t  
the dowllstream end cf the flume. The  f i r s t  t e s t s  in each s e r i e s  were  made 
with the water  ponded :n the flume. Af te r  a more  o r  l e s s  constant seepage 
r a t e  had been attained, the pump was turned on and a s e r i e s  of measu re -  
ments  made  in which the water  was flowing with a velocity of 0. 7 foot p e r  
second. A'hen a constant seepage r a t e  was reached with the flowing clean 
water,  enough bentonite s l u r r y  was added to  the  flow t o  provide about a 
1 percent  bentonite c ~ n c e n t r a t i o n  in the water .  With the water-bentonite 
mixture the flume was  operated continously f o r  s e v e r a l  days and r eco rds  



watcr and thc effluent o r  seepage water,  Fjgurc 2. 

DESCl<IPTION OF TESTS 

Four  t e s t s  a r e  clescrii~ud in this report,  two using a fine grain 
uniform sand and two using r1 dune sand obtained from the I lorse Creek 
Latera l  near  Morrill ,  Nebraska. 

Uniform Fine Grain Sand (2iun No. 1) 

The fine gra in  sand usecl in the f i r s t  tes ts  had a sieve analysis 
a s  follows: 

Sieve size Percent  passing 

No. 1G 100 
No. 30 05 
No.  30 8 4 
No. 50 6 3 
No. 100 7 
No. 200 1 

The sand was place3 over the rcvcrse  fil ter to a depth of 1. 25 feet. In 
addition, a 2-inch layer. of the sand was placed on tile floor of the flunle 
upstream and downstream from the tes t  section. The flume was backfilled 
with water through the seepage pipe to a depth of 1 foot. 

The initial seepage ra te  through this tes t  section both in the ponclecl 
state and with the water  flowing with a velocity of 0.70 foot pe r  second was 
18. 5 cubic feet pe r  square foot pe r  day:;: ( r e f c r  to Figure 2 for  a graphical 
presentation of this test) .  

T h e  bentonite s lu r ry  was prepared by mixin:; 63  pounds of Volc!zy 
(sodium base) bentonite in about 330 pounds of water; this formed a thixot- 
ropy that was easily made fluid when placed in the flume water. A s  soon 
a s  the s lu r ry  was preparecl, it was added to the flume water which resulted 
in a bentonite concentration of 0.95 percent. Almost immediately the seep- 
age rate b2ga11 to decline, and within 2-112 hours it had droppecl to zero. 
Just  before the seepage ceased the bentonite concentration of the seepage 
writer was about 0. 1 percent. Inspection of the surface of the sand bed 
showed that a fine layer of bentonite had been deposited and that this fi l ter 
cake was responsible for the secpage reduction. a h e n  the fil ter cake was 
scraped off of the sand bed, the seepage ra te  increased to about 11.7 cfd. 

':The unit employed for  expressing seepage ra te  from canals i s  
cubic feet per  square foot pe r  day. T o  avoid repetition of this lengthyterm, 
the abbreviation cfd will be used througi~out this report to express  this  i~nit .  
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During the sax-& time inter.;al the bentonite concentration of the seepage 
water  increased to al~oiit 0. 85 percent while the concentration of the flume 
water had dropped to about 0 . 9 2  pctSccnt. 

During the next 17-hour period the seepage ra te  further reduced 
to 4 cfd. At the end of this pcriod, which represented 25 hours of contin- 
uous running after the initial introduction of bentonite, a f i l ter  cake was 
again scraped from the sand hcil. Immediately the seepage ra te  increased 
to 10. 5 cfd. At this time tile hcntonite concentration of the flume water 
was 0 .93  percent and of the scepage water 0 .82  percent. F o r  the next 6 
hours seepage slowly reduced to 9 . 5  cfd. When the sand bed was scraped 
at the end of this period, the seepage rate  again increased to 10. 25 cfd. 
The bentonite conce~~t ra t ions  o f  the seepage water and of the flume water 
were both about 0.9 percent. 

During the nest 18-haul. interval the seepage was stopped by 
closing a valve in the seepage line, i ~ u t  the flow of the flume water con- 
tinued. At the end of this interval the seepage line was opened and the 
seepage ra te  had increased slightly to 10. 5 cfd. However, within 2-112 
hours the seepage dropped to 7 . 7 5  cfd. When the sand bed was scraped 
to remove the f i l ter  cake, the seepage ra te  increased to 11.0 cfd, At 
this  time the bentonite concentration in both the flume water and the seep- 
age water was constant at  0. 85 pel-cent. 

F o r  the nex* phase of this test  the effective head on the sand bed 
w a s  reduced to 6 inches by raising the outlet of the seepage line. The seep- 
age ra te  immediately recluced to 5. 5 cfcl. During the next 18 hours while 
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the effective head was maintained at 6 inches, the seepage ra te  gradually 
dropped to 4. 5 cfd. At the cricl of this period the effective head was  in-  
creased to 12 inches, resulting in a parallel  increase in the seepage ra te  
to 10. 8 cfd. Scraping the sand bed to remove the f i l te r  cake increased the 
seepage rate  to 11. 0 cfd, Tile bentonite concentration in the flume water  
and seepage watcr was abo~rt 0. 83 per-cent at this time. 

T o  reform 3 definite fi l ter cake, additional bentonite s l u r r y  was  
added just upstrzam fl-on1 the test  section; the seep'age ra te  rapidlydropped 
to zero. The water w a s  then drained from the flume and the surface of the 
sand bed, which had a complete filter- cake covering it, was dried by heat 
lamps. 'ahen dried, the f i l t c ~ .  cake had a tendency to curl,  Figure 3.  

The flume was then fillctf from the top to a 1-foot depth with tap 
water,  with care  being taiten tcj insure that the dried f i l ter  cake was  not 
washed. The flume flour was star-ted at avelocity of 0. 7 footper  second. 
The seepage rate  a t  this t ime was 10.  5 cfd, Figure 4. In 2 hours the seep- 
age ra te  dropped to 9 . 0  cfd. The sand bed was scraped to remove the 
f i l ter  cake and tlie seepaze ra te  inc~.easecf to 14. 0 cfd. In the next 2 hours 
the seepage ra te  droppecf to 12 .  5 cfd and removal of the f i l ter  cake again 
increased it to 13. 5 cfd. D~i r ing  the next 1 6  hours the seepage ra te  dropped 
to zero. Apparently the flowing water. was picking up sufficient bentonite 
f rom the flume floor arid from the pipe to form a dense f i l ter  cake. When 



24-hour interval  the seepage ra te  again dropped to zero.  

The  total  t ime 'illat the flume had operated s ince the bentonite was  
f i r s t  added was about 131 hours.  It was found that removing the f i l t e r  cake 
had probably caused mixing n e a r  the surface of some of the f i l t e r  cake ma-  
t e r i a l  and t e s t  sand. The combination w a s  r a t h e r  dense.  Petrographic  
t e s t s  on sand taken from mid-depth in the t e s t  section stzowed that. the sand 
contained about 0. 24 pel-cent montmorillonite by weight. 

Uniform Fine Gra in  Sand (Run No. 2) 

F o r  the second tes t ,  f resh  fine grain sand was placed in the flume 
on top of a r eve r se  fi l ter  and corn~~actecl  to maximum density. C lea r  water  
was  placed in the f lume by backfilling through the seepage line. At the 
s t a r t  of the t e s t  the seepage r a t e  was 21 cfd, F igure  5. Th i s  ra te  w a s  com-  
paratively steady f o r  the f i r s t  4 hours. Then i t  s ta r ted  to increase ,  and 
af ter  an additional 1 6 - 1  / 2  hour-s had reached a peak of 24 cfd. At th i s  t ime 
a f i l t e r  cake consisting of r u s t  from the pipe and a smal l  amount of s i l t  
began to  form on the sand beci, and in 3 hours the seepage was reduced to  
11 cfd. The f i l ter  cake was s c ~ - a p e d  f rom the sand bed and the seepage 
immediately increased to a r a t e  of 25 cfd. Over the period of the next 3 
hours  the seepage r a t e  slowly increased to 27 cfd. During the next 2-hour 
period a slight decrease  was  noted in the seepage ra te ,  also a slight f i l t e r  
cake was forming on the t e s t  section. When this f i l ter  cake was removed 
the seepage ra te  began to increase .  Over  the nest  17 hours  the seepage 
ra te  increased to 3 8  cfd and then s tar ted to decrease.  Over the next 6 hours 
the seepage ra te  fell  to  35 cfd, and in 2 moise hours  had decreased to 31 cfd. 

The sand bed was again scraped to remove the f i l ter  cake, and in 
the next 16 hours  the seepage ra te  increased to 45 cfcl. After a slight d e -  
c r e a s e  to 43 cfd, the seepage ra te  increased to 46 cfd. The seepage r a t e  
remained constant at  this f igure fol. the nes t  7 hours,  a t  which t ime the 
tes t  with the plain   at el- was ciiscontitlued. Thi'S re?resented a total  of 78 
houi-st operation, during which per iod t h e  seepage r a t e  incl-eased f rom 2 1  
to 46 cfd. 

Uniform Fine Gra in  Sand (131111 No. 3)  

The bentonite to be atlcled to the flume water  was prepared hy c i x -  
ing GO pounds of Volclay bentonite in about 2, 300 pouncls of water.. The 
solution was allowed to  stand for  3 days before it was placed in the flume. 
This  p e r m i t ~ e d  the mater ia l  to  deglait, or- for  the c o a r s e r  bentonite that 
does not s tay in suspension, to sett le out. 

The degi-ittecl bentonite s l u r r y  when added to the flume water  
made a n  initial concentration of 0. 60 pel-cent suspended bentonite. The 
f lume flow was s tar ted at  a velocity of 0.70 foot p e r  second, and seepage 
r a t e  measurements  and bentonite concentration of the flume water  and 
seepage effluent were  obtained in the same  manner  a s  in the previous 
tes t ,  F igu re  6. 



bentonite s lur ry  had been added to the flume water, but a fil ter cake had 
formed on the sand bed ant1 the seepage ra te  was only 6 cfd, and within 2 
f io~ i r s  the seepage stopped. The fil ter cak.e that had formed on the sand 
bed differ.cd from those which had formed in the previous tes t  in teat i t  
had the appearance of a gel ra ther  thar, fine clay layer. This ge lwas  eas -  
ily removed 01- worked back into suspension by gently s t i r r ing  the deposits 
of gel. 

After- the filter- cake had been removed, the seepage ra te  increased ~ - to 22. 5 cfd. During this initial 6-hour period the bentonite concentration 
in the flume water had reduced f rom 0. 60 to 0.55 percent, while the con- 
ccntr.ation of the effluent increased from zero to 0. 20 percent. 

During the next 44 hours the seepage ra te  decreased from 22.5 
cfd to 4 cfd. This reduction was rapid a t  f i r s t .  In the f i r s t  5 hours it 
dropped to 12 .  5 cfd, and in the next 39 hours i t  dropped to  4 cfd. In this 
same titne interval the bentonite concentration of the flume water  de- 
creased flnorn 0. 55 to 0. 38 percent, and the bentonite concentration of the 
effluent increased to 0 . 5 0  percent in the f i r s t  2 hours and then slowly de- 
creased to 0. 36 pel-cent. 

At the end of a total of 47 hours '  operation the f i l ter  cake was again 
1.cmoved and the seepage immediately increased to 22. cfd. This also in- 
creased the bentonite concentration of the effluent to  0. 43 percent and of the 
flume water to 0.40 percent. During the next 6 hours the seepage ra te  
slowly decreased to about 19. 5 cfd. The bentonite concentration of both 
the flume water and seepage effluent stabilized at 0. 40 percent. 

The flume flow was continued fo r  an additional 88 hours with the 
valve in the seepage line closed. The reason for  this was to determine if 
the bentonite mixture that had penetrated the test  section would flocculate 
under quiescent conditions and f i l l  the voids in  the sand. At the end of this 
p21-iod the valve was reopened and the seepage ra te  was found to be 20 cfd, 
a slight increase. The bentonite concentration of both the flume water and 
the seepage effluent had decreased to 0.31 percent. Immediately after open- 
ing the valve the scteuage rate began to decline, and after 25 hours i t  had 
dropped to 13. 5 cfd. 'I ne l~entonite concentration of both the flume water and 
seepage effluent was constant at about 0.30 percent during this period. 

During both of the above t e s t s  the temperature of the flume water 
was maintained between 27O and 31° C. The effluent temperature usually 
averaged about 2O lower than that of the flume water. 

Summar*y 

In the two tests  with the fine grain sand and bentonite in the flume 
water the initial seepage ra tes  were 18. 5 cfd in the first tes t  and 21. 5 cfd 
in the second test .  

In the f i r s t  test  the bentonite s lu r ry  was added to the flume water 
without degritting, and it soon caused a f i l ter  cake to form on the sand beds, 
which stopped the seepage. The f i l te r  cake could be removed by scraping 
the sand bed, and af ter  removing, the seepage ra te  always increased. 

5 
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duction from thc initial 18. 5 cfd to 11 cfd. 

Petrographic  t e s t s  made on sand removed f r o m  mid-depth in the 
tes t  bed showed that i t  contained 0. 24 percent  bentonite. 

In the second tes t  the flume operated 78 hours  with the c l ea r  water  
before the bentonite s l u r r y  was added, and in that period the seepage r a t e  
increased to 46 cfd. The run  with the plain water  was s imi l a r  to the p re  - 
vious runs  in that periodically, the seepage ra te  decreased  and when the 
suf race  of the t e s t  section was scraped the seepage r a t e  returned to  i t s  fo r -  
m e r  ra te .  Nith the plain water  the f i l t e r  cake was  made up of rus t  par t i -  
c l e s  from the pipe and fine sediment par t ic les  picked up f rom the flume 
floor by the flow. These  par t ic les  were  then deposited on the t e s t  section 
by the action of the seepage flow. 

The bentonite s l u r r y  f o r  the second t e s t  was allowed to  stand 7 2  
hours  for  degritting before it was  added to the flume flow. Although the 
solution was  degritted, a f i l ter  cake formed on the t e s t  bed, but i t  was  in 
the fo rm of a ge l  that  was easi ly  worked back into solution. Even so, the 
f i r s t  and la rges t  seepage reading a f t e r  the bentonite was  added was 22  cfd. 
In the 168-hour t e s t  period this seepage r a t e  showed an overal l  reduction 
to  13. 5 cfd. 

Chemical  t e s t s  to determine the bentonite concentration in the  sand 
a t  various depths showed that only 0. 001 percent  bentonite remained ' in  the 
surface sand and only 1 inch below.the sur face  this concentration had dropped 
to  0.00004 percent.  At 2-112 inches below the surface there  was no bentonite 
remaining in the sand. , 

Horse  Creek  La te ra l  Sand (Run No. 1) 

The sieve analysis of the Horse  Creek  La te ra l  sand is as follows: 

Sieve s ize  Pe rcen t  passing 

No. 16 100 
No. 30 9 9 
No. 40 93  
No. 50 87 
No. 100 41 
No. 200 12 

The mechanical analysis of this mater ia l  indicated that i t  would form a 
denser  section than the uniform gra in  laboratory sand and the t e s t  runs  
confirmed this. 

The soi l  w a s  placed in the t e s t  section in 2-inch layers ,  each 
l aye r  being tamped so  a s  to  attain n e a r  maximum compaction. The water  
surface was brought up to operating level  by slowly backfilling through the 
seepage line. 
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This  ra te  was fairly constant for 26 bobs, during which the f l i m e  water  
was  flowing a t  a velocity of 0. 7 foot p e r  second. 

The  bentoilite s l u r r y  was allowed to  degrit  for  48 hours before it 
was added to  the f lume water.. By the t ime the bentonite s l u r r y  was  thor -  
oughly mixed into the flume water7, a thin layer  of gel  had formed on the 
sand bed. This  layer  was easi ly  worked back into suspension by gently 
rubbing the sur face  of the gel. The bentonite concentration of the flume 
water  was &out 1 percent ciuring this period. As  soon a s  the gel l aye r  had 
been renloved the seepage rnte  increased to 1 . 9  cfd. 

During the subsequent 24-hour period the seepage ra te  slowly de -  
c reased  to 0. G cfci. In the s a m e  time interval  the bentonite concentration 
of the flume water  dropped to 0 . 9  percent and the gel layer  reformed on 
the tes t  bed. 

Thc gel layer- was removed hut apparently some of the gel had 
penetrated into the sand because the seepage stopped entirely.  The re  was  
no seepage under this condition for  the next 1. 5 hours. The water  depth on 
the sand bed was  then inc~ 'eased to  1. 5 feet;  this s tar ted the seepage but 
at  the very  slow ra t e  of 0. 2 cfd. This  seepage r a t e  was  s teady for  the 
r ex t  3 hours .  

A t  the same  time the flume flow was  stopped and the seepage 
valve closed in 01-dcr to  pond the tes t  section. After  17 hours  of ponding 
the flume flow was s tar ted and the seepage valve opened. F o r  an unknown 
reason the seepage had incr.eased to a lmost  4. 0 cfd. The seepage re-  
mained near  this r a t e  f o r  the next 5 hours,  and then in the subsequent 3 
hours  i t  slowly dl-oppt:.:d to  about 3 .  5 cfd. 

The sand bed was scraped to remove a. gel  layer  that  had formed, 
and in the next 5 houras the seepage r a t e  dropped to 1. '7 cfd. 

The flume flow w a s  stoppt?d, and with the seepage valve closed, 
the tcs t  section was poncfed fox- 17 hours .  VVith the flume flow shut off 
the seepage valve was  reopeneti at the end of th i s  period. The seepage 
ra te  was  1. 1 cfd. When the flume was s tar ted a t  a velocity of 0. 7 foot 
p e r  second the secpagr  rn te  jumped up to 5 .5  cfd. 

Horse Creek  La te ra l  Sand (Run No. 2) 

A nevi tcs t  sectlor1 was placed in the f lume with f r e s h  soil .  The 
water  was  l~rought  u p  to operating level by filling f rom the top instead of 
backfilling. Th i s  was done because attempts to  add the water  by backfill- 
ing through the seepage line had  been unsuccessful, probably due to  the 
density of the tes t  section. 'rhese was a period of 72 hours before the 
seepage s tar ted.  During this t ime the water  had been ponded in the flume 
ra the r  than flowing. The seepage was  ve ry  slight a t  f i r s t ,  the r a t e  being 
l e s s  than 0. 03 cfd. Thc flume was allowed to remain  ponded with the 
seepage valve open for  7 2  ilours. At the end of the t ime the seepage r a t e  
was even s m a l l e r  s o  the t e s t  was discontinued and the sand removed f rom 
the t e s t  section. 

7 



The sand f rom Run No. 2 was  allowed to a i r  -dry and an adciitional 
300 pounds of f r e sh  mater ia l  was thoroughly mixed into it. This  reworked 
sand was placed in the t e s t  section with considerably l e s s  compaction than 
had been used in the previous tes t s .  

The  flume was fi l led with c l ea r  water  by backfilling through the 
seepage line; this p rocess  took 4 clays, indicating that the sand bed was 
quite dense,  The wa te r  was ailowed to stand ponded fo r  24 hours.  At the 
end of this period, the seepage r a t e  was l e s s  than 0. 1 cfd. The water  was  
allowed to stand in  the flume for 6 days, during which period the seepage 
r a t e  remained mater ia l ly  the same.  

The  bentonite s l u r r y  was prepared l ~ y  mixing 78 pounds of Volclay 
bentonite in 2,700 pounds of water .  This  s l u r r y  was allowed to stand for  
4 days before it was  mixed with the flume water .  

Flow in the l lume was  s tar ted a t  a velocity of 0. 7 foot p e r  second. 
Similarly,  a s  In Run No. 1, a gel l aye r  formed on the sand bed which was  
easi ly  worked into suspension. The seepage r a t e  at  this  t ime was prac t i -  
cally nil  and in the next 24 hours  showed only a slight increase .  The seep-  
age r a t e  a t  this t ime was  only 0.06 cfd. The bentonite concentration of the 
flume was 0.7 percent and the seepage effluent was  c lear ,  indicating that 
the bentonite solution had not replaced the c l e a r  water  in the sand voids. 
During the subsequent 50-hour period these f igures  remained substantially 
the same.  

F o r  the next 96-hour period the flume was  ponded and the seepage 
line left open, At tbe end of this  period the seepage r a t e  was s t i l l  about 
0. 06 cfd. The bentonite concentration in  the flume water  was  0. 7 percent  
and the effluent still showed no sign of bentonite. 

The flume was  allowed to run fo r  Ihe next 10 days with occasional 
per iods of ponding. During this opera t ingper iod  any gel layer  in the sand 
bed was  periodically removed. The seepage r a t e s  and bentonite concen- 
t ra t ion of the flume and seepage effluent were  regular ly  obtained. At the 
end of this  period the seepage ra te  had reduced to about 0 .03 cfd. The 
bentonite concentration was  s t i l l  0 .7  percent and the seepage effluent showed 
only faint signs of containing bentonite. At this  t ime the testing was d is -  
continued. 

Summary 

Three  separa te  t e s t s  were  performed with the Horse Creek  Latera l  
sand. In the f i r s t  the seepage r a t e  showed an unexplicable tendency to mate-  
r ia l ly  increase .  In the other  two t e s t s  the seepage r a t e  was  s o  negligible 
that no definite r e su l t s  could be obtained. 

The t e s t s  showed that i f  th i s  ear th  mater ia l  was  compacted the 
seepage r a t e  would be ve ry  small ,  probably s o  smal l  that  seepage would 
not be a problem i n  a canal  constructed of this  compacted mater ia l .  



I- all t e s t s  an attcnipt was made to correlate  the effect of water 
temperatur? on the seepage ra te .  The temperature of the flume water 
varied f rom 180 to 450 C. The seepage effluent had the same temperature 
range with a slight time lag. At no time during the tests  was there any 
obvious relation between the water temperature and seepage rate.  How- 
ever,  it was noticed that the amount of dissolved oxygen, and possible a i r  
pockets in the test  soil, was  affected by the water temperature.  It would 
probably be profitable to deternlirle the effect of a i r  pockets on the seepage 
ra te  by using a fluid that would not absorb o r  release oxygen during tem-  
perature variation. 

CONCLUSIONS 

F o r  the particttlar carth materials  used, the t e s t s  proved ra ther  
conclusively that the bentonite caused a reduction in seepage by forming a 
f i l ter  cake on the surface of the earth material  and not byfilling the voids 
at any appreciable depth unclcr the surface. When the fil ter cake was r e -  
moved the seepage rate  increased to a ra te  almost a s  hign a s  it was before 
the bentonite was added. Removing the f i l ter  cake disturbs the soil s u r -  
face and causes some reduction in the seepage by disturbing the soil grains 
and possibly mixing some of the bentogite f i l ter  cake into the soil surfacc. 
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Flume used f ~ r  tests 
Length 30 f e e t  width 1 f o o t  
Soil compartment 6 by 1 .5  by 3 f e e t  

'epsge outlet .  from s o i l  compartment with overflow 
. i n t o  plastic tank 

SEEPA= REDUCTION TESTS 

Using Dispersed Bentonite 
Test  Equipment 
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